From a Dalitz plot analysis of B → Kπ + ψ ′ decays, we find a signal for Z(4430)
−1 data sample that contains 657 million BB pairs collected near the Υ(4S) resonance with the Belle detector at the KEKB asymmetric energy e + e − collider.
INTRODUCTION
In a paper on the B meson decay process B → Kπ + ψ ′ [1], the Belle Collaboration [2] reported the observation of a distinct and relatively narrow peak in the π + ψ ′ mass spectrum near M (π + ψ ′ ) ≃ 4430 MeV/c 2 . The analysis was performed by excluding the events in the M (Kπ + ) regions of the K * (892) and K * (1430), and fitting the one-dimensional M (π + ψ ′ ) distribution. The fit gave a resonance mass and width of M = (4433 ± 4 ± 2) MeV/c 2 and Γ = (45 +18 −13
+30
−13 ) MeV, where the first uncertainty is statistical and the second is systematic; the significance of the resonance was 6.5σ. If this peak, called the Z(4430) + , is interpreted as a meson state, then it must have an exotic structure; its minimal quark content is |ccud .
The Z(4430) + observation motivated a subsequent Belle study of the processB
, where a doubly peaked structure was observed in the π + χ c1 invariant mass distribution [3] . In this channel, the observed structure is rather wide, therefore a full Dalitz plot analysis was used in order to establish that the observed peaks could be unambiguously associated with dynamics in the π + χ c1 channel. If these peaks, called the Z(4040) and Z(4240), are attributed to meson states, a minimal fourquark substructure is required.
A recently reported study of B → Kπ + ψ ′ decays by the BaBar Collaboration [4] did not find a significant signal for Z(4430)
+ → π + ψ ′ ; the reported significance is at the 1.9 σ − 3.1 σ level. The BaBar sample of B → Kπ + ψ ′ decays is about 85% the size of the corresponding Belle data sample. In this paper we present a reanalysis of the Belle B → Kπ + ψ ′ data sample using a Dalitz plot formalism. The Belle detector [5] is a large-solid-angle magnetic spectrometer that operates at the KEKB asymmetricenergy e + e − collider [6] . A data sample corresponding to an integrated luminosity of 605 fb −1 collected at the Υ(4S) resonance and containing 657 million BB pairs is used. A GEANT-based Monte Carlo (MC) simulation [7] is used to model the response of the detector.
EVENT SELECTION
We select events of the typeB
We use the same selection criteria as in Ref. [2] . In particular, we identify B mesons using the beam-energy constrained mass M bc = E 2 beam − p 2 B and the energy difference ∆E = E beam − E B , where E beam is the centerof-mass (c.m.) beam energy, p B is the vector sum of the c.m. momenta of the B meson decay products and E B is their c.m. energy sum. We select events with |M bc − m B | < 7.1 MeV/c 2 (m B is the world-average Bmeson mass [8] ) and |∆E| < 34 MeV, which are both ±2.5 σ windows around the peak values. To model combinatorial backgrounds, we use events that are in the M bc signal region and the ∆E sidebands defined as |∆E ± 70 MeV| < 34 MeV. To improve the definition of the Dalitz plot boundaries for both signal and side-band events, we perform a mass-constrained fit to the B candidates from both regions. Simulations of the two ψ ′ decay modes indicate that the experimental resolution for M (π + ψ ′ ) is σ = 2.5 MeV/c 2 for both modes.
DALITZ PLOT DISTRIBUTION
We sum the Dalitz distributions forB In the following, we illustrate the results of different fits using projected histograms of the slices of the Dalitz plot indicated by the vertical solid lines and horizontal dashed lines shown in Fig. 1 . The three horizontal slices correspond to M (π + ψ ′ ) regions below, around and above the Z (4430) + mass region. The five vertical slices distinguish the K * (892) and M (Kπ + ) ≃ 1.4GeV/c 2 regions and bands above, below and in between them. The sum of the latter three projections corresponds to the K * veto used in Ref. [2] .
FORMALISM OF THE DALITZ ANALYSIS
The decay B → Kπ + ψ ′ with the ψ ′ reconstructed in the ℓ + ℓ − decay mode is described by four variables (assuming the width of the ψ ′ to be negligible). These are taken to be M (π + ψ ′ ), M (Kπ + ), the ψ ′ helicity angle (θ) and the angle between the ψ ′ production and decay planes (φ). In this analysis we integrate over the angular variables θ and φ. The MC indicates that the reconstruction efficiency is almost uniform over the full φ angular range; after integration over this angle the contribution from interference between the different ψ ′ helicity states is negligibly small. This allows the ψ ′ to be treated as a stable particle in the Dalitz analysis.
In the ψ ′ → π + π − J/ψ channel, the ψ ′ is likewise treated as stable. The π + π − system in this decay is predominantly in an S-wave [9] ; in this limit, the ψ ′ and J/ψ helicity states are the same, and we again find negligible interference contributions after integration over decay angles. Thus, our approach is the same as in the Dalitz analysis of theB In addition to the physics model, the fit function includes a background term derived from the ∆E sidebands and is modulated by the MC-determined experimental efficiency. The MC sample is generated using the worldaverage ψ ′ branching fractions [8] while to fix the relative fractions of the B 0 and B + contributions we use isospin symmetry. The Dalitz plots for the ∆E sideband and the MC sample are smoothed. The expression for the amplitudes, signal component of the fit function, and other details of the fitting procedure are the same as used in the analysis described in Ref. [3] .
FIT RESULTS
The eight projected Dalitz plot slices with fit results for the default model superimposed are shown in Fig. 2 . The Z(4430) + signal is most clearly seen in the third vertical slice. The sum of the 1st, 3rd and 5th vertical slices (i.e. a Dalitz plot projection with the K * veto applied) is shown in Fig. 3 . The π + ψ ′ resonance parameters determined from the fit are M = (4443 from the change in 2 log L when the Z (4430) + is included in the fit (taking the added degrees of freedom into account) is 6.4 σ. The fit fractions and significances for all of the components are listed in Table I . The confidence 
level (C.L.) of the fit model with (without) the Z(4430)
+ is 36% (0.1%). The C.L.'s are determined using ensembles of the MC simulated experiments. To study the model dependence, we consider a variety of other fit hypotheses. These include: successively removing each K * resonance component; adding, for each case, a non-resonant phase-space term; relaxing the constraints on the κ mass and width; replacing the κ with the LASS group's parameterization for the Kπ S-wave amplitude [11] , and including another J = 1 (J = 2) K * resonance with mass and width left as free parameters. The lowest Z(4430) + significance of 5.4 σ corresponds to the model with a non-resonant phase-space term and a new J = 2 K * resonance. We treat the maximum varia-tion of the Z(4430) + parameters from these different fit models as the systematic uncertainty. The resulting uncertainty estimates are given in the first row of Table II. We find the uncertainty due to the variation of the r parameter in the Blatt-Weisskopf form factors [10] to be negligible. The contribution of the uncertainties in the mass and width of intermediate K * resonances that are fixed in the fit is also found to be negligible.
We vary the assumption about the value of the B decay orbital angular momentum (L) for those cases where several possibilities exist. The resulting uncertainties are given in the second row in Table II.
In the fits described above, the spin of the Z(4430) + is assumed to be zero. We find that the J = 1 assumption does not significantly improve the fit quality. The variations in the Z (4430) + parameters for the different spin assignments are considered as systematic uncertainties and are listed in the third row in Table II .
We consider alternative smoothing procedures for ∆E sidebands and MC samples. The corresponding variation of the Z(4430)
+ parameters are given in the fourth row in Table II .
To obtain the total systematic uncertainties, the values given in Table II 
Smoothing procedure
OTHER FITS
In principle, more complex mass structures can be produced by reflections from higher Kπ + partial waves. To examine this, we perform the Dalitz plot fit with a K * 3 (1780) resonance term added to the default model (see Fig. 4 ). In this case, the Z(4430) + signal persists with mass and width within 1 σ of their default model values and with a statistical significance of 4.7 σ. However, the K * 3 (1780) fit fractions -6.8% and 6.6% for the Z(4430) + and non-Z(4430) + hypotheses, respectivelyare very large for a resonance with a peak mass that is ∼ 180 MeV/c 2 (≃ 1.2Γ K * 3 (1780) ) above the kinematic limit for B → Kπ + ψ ′ decays and for which only a small portion of the low-mass tail of the resonance is accessible. Angular distributions for ψ ′ decays can be predicted based on the Dalitz plot fit results and therefore provide a useful cross-check (see Ref. [3] for details). We find good agreement between data and predictions for various fit models. The statistics are not sufficient to discriminate between models in our approach.
BRANCHING FRACTIONS
To measure branching fractions we use onlyB
The yields of these decays with the ψ ′ reconstructed in the ℓ + ℓ − and π + π − J/ψ channels are found from fits to the ∆E distributions to be 1089 ± 34 and 1166 ± 37, respectively.
To determine the experimental efficiency, we used the phase-space MC events weighted according to the results of the Dalitz plot fit. The efficiencies are (19.2 ± 1.4)% and (8.2 ± 0.7)% for ψ ′ → ℓ + ℓ − and ψ ′ → π + π − J/ψ channels, respectively. The uncertainties include the dependence on the Dalitz plot model (0.1%); data and MC differences for track reconstruction (1% per track), and particle identification (4% for the K − π + pair and 4.2% for ℓ + ℓ − ); and MC statistics (0.6%). The uncertainties from different sources are added in quadrature. The efficiencies are corrected for the difference in lepton identification performance in data compared to MC, (−4.5 ± 4.2)%, determined from J/ψ → +4.0 −5.3 )%. The branching fraction is somewhat below the world-average value of (7.2 ± 0.8) × 10 −4 [8] ; the longitudinal polarization fraction agrees with the CLEOII result of 0.45 ± 0.11 ± 0.04 and has better precision [12] . . The statistical significance of this signal is 6.4 σ; the significance including systematic uncertainty from the fit models is 5.4 σ. These results agree with, and supersede previous measurements based on the same data sample reported in Ref. [2] .
In addition we determine the branching fraction 
